The Affon River is one of the important rivers of the Ouémé River whose benthic diversity remained unknown. The present study aims to make the relationship between macroinvertebrates and physico-chemical parameters to access water quality of the Affon River. The measurement of physico-chemical parameters (temperature, pH, conductivity, transparency, depth and TDS, dissolved oxygen, ammonium, nitrite and phosphate) and the sampling of macroinvertebrates using a Surber net were carried out during floods in eight stations. A principal component analysis (PCA) and canonical correspondence analysis (CCA) were used. The indices of Shannon, Piélou, Simpson, Hilsenhoff, EPT and EPT/Chironomidae were used to assess the level of water pollution. The study identified 9755 macroinvertebrates divided into 4 classes, 14 orders and 49 families. Pollution-sensitive families (14 families) that are organic pollution indicators, as well as pollution-tolerant families (Chironomidae, Limnaeidae, Bithynidae, Physidae) were captured. Chironomidae were the most predominant and abundant family (FO = 100%). The predominance of Chironomidae coupled with the rarity of the Ephemeroptera, Trichoptera and Plecoptera would reflect the poor quality of the Affon River waters. The principal components analysis yielded groups of associations: The first group of stations Taneka 2 and 3 characterized by high values of ammonium and phosphate; and low values of conductivity and TDS; the second group of Tanéka 1 and Kolokondé 1 stations with low values of pH, transparency, ammonium and phosphates; and the third group of stations Kolokondé 2, Kpébouko1, Kpébouko 2 and Affon marked by high values of conductivity, TDS, transparency, depth and temperature. The canonical correspondence analysis revealed a strong positive correlation between Nemou-
Introduction
Agricultural intensification is the major cause of degradation of aquatic ecosystems in rural areas [1] . The increase in production and yield requires the use of synthetic chemicals such as mineral fertilizers for soil and pesticide fertilization for weed control and phytosanitary treatment of plants. These agricultural activities on watersheds have serious ecological implications for rivers [2] . After their use, these pesticides and agricultural inputs are dispersed in different compartments of the environment. More than 99% of these pesticides are used in ecosystems to pollute water, land and air [3] . Pesticide damage is heavy for water resources, for aquatic populations in general. Because they degrade populations, cause poisoning, induce biocenotic disturbances and even sometimes lead to the extinction of biodiversity [3] . Among this biodiversity, the fauna that should be highlighted is the group of macroinvertebrates because they are excellent indicators of human impacts especially contamination [4] . These benthic macroinvertebrates are easy to sample, abundant and sedentary in all streams [5] . Unlike chemical analyzes, benthic macroinvertebrates can detect disturbances that occur even if they are no longer present at the time of sampling [6] . This makes them good witnesses to local conditions [7] . Hence these are used as bioindicators in many studies evaluating the biological quality of aquatic ecosystems.
While the use of any biological community in conservation systems and/or water monitoring requires the characterization of its diversity and its structure [8] .
Indeed, in Benin, some studies have been devoted to macroinvertebrates in rivers such as: Alibori [9] [10] ; Oueme [11] [12] ; Sô [13] and Sota [14] . These studies reinforce the state of knowledge on macroinvertebrates and know their importance. Despite these studies, our knowledge is still limited on the diversity and distribution of macroinvertebrates with respect to altitude. Therefore, the study aims to gain a better understanding of benthic macroinvertebrate distribution and biodiversity of Affon River in order to assess its ecological quality.
Materials and Methods

Study Area and Sampling Stations
The Affon River is located on the right bank and in the classified forest of Upper Ouémé. This river is one of the tributaries of the Ouémé River. It has a length of They were chosen based on the sustainability of the water, the altitude, accessibility in all seasons, the depth and speed of the water [11] . Table 1 shows the characteristics of these different stations.
Measurement of Water Physico-Chemical Parameters
At each station, the measurements of physical parameters (temperature, depth, transparency, TDS, conductivity, pH, oxygen) were carried out in situ very early in the morning between 08:00 and 12:00, before the sampling of macroinvertebrates to avoid any disturbance of the environment. Water temperature, TDS and conductivity were determined using a portable conductivity meter (HANNA HI 99300). The pH was measured with a portable pH meter (HANNA HI 98107). A Secchi disk with a graduated rope is used to measure the transparency of the water and depth of the stations. Water samples were made at each station in 500 ml plastic bottles decontaminated and stored in a cooler containing ice for transport to the laboratory for analysis of the dissolved substances. The dissolved elements concentration's determination of the water samples was carried out in the Laboratory of Hygiene, Sanitation, Ecotoxicology and Environmental Health (HECOTES) using a spectrophotometer DR 6000. The chemical parameters such as ammonium, nitrite and phosphate were respectively measured by the Nessler method [15] , the iron sulphate method and the Vanadomolybdic method with persulfate digestion. 
Sampling of Macroinvertebrates
The benthic macroinvertebrates were sampled at the 08 stations. They were taken by using a Surber sampler with a 500-µm mesh. This material was placed on the bottom of the river, the opening of the net facing the watercourse and the substrate is scraped a few centimeters with the hand. Twelve samples with a unit area of 1/20 m 2 were done per station: (08) eight on the dominant habitats and (04) on the marginal habitats as recommended by the standard IBGN and already used in the North of Benin by Abahi et al. (2018) [11] . The organisms collected in surber sampler were spilled in labeled jars and fixed to 10% formalin and then sent to the laboratory.
Macroinvertebrates Identification
In the laboratory, the captured macroinvertebrates were rinsed in order to rid them of the formalin and then they were sorted station by station under a binocular dissecting microscope. After the sorting, we grouped them according to their classes up to their families apart from oligochaetes, nemathelminths, hydracarians, hydrozoans, sponges, bryozoans and nemerteans that are kept aside such as Abahi et al. (2018) [11] has done. The following articles: "Benthic macroinvertebrates of the streams of 'la Nouvelle-Calédonie'" by Mary (2017) [16] , "Identification guide of the main benthic macroinvertebrates of freshwater from Quebec" written by Moisan (2010) [17] , "Freshwater invertebrates: Systematics, biology, ecology" by Tachet et al. (2000) [18] and "Aquatic entomology" by McCafferty (1981) were the key highlighted supports in making the taxonomic determination after which macroinvertebrates were enumerated and then stored in pillboxes containing 70% alcohol.
Data Interpretation
The identified fauna data allowed us to calculate the following metrics and indices: Taxonomic richness (S) = number of taxa present in each station Abundance (N) = number of individuals from a taxonomic group in each station
Relative abundance (Nr) = ratio as a percentage of the number of taxon individuals in a station to the total number of individuals of all species of all stations.
Frequency of family observation (FO) = (F i × 100)/F t . In such, F i = number of stations containing the family and F t = total number of stations studied. Three families were thus distinguished as Abahi et al. (2018) [11] has previously demonstrated. We have "very frequent families'' (F ≥ 50%), "frequent families'' (25% ≤ F ≤ 50%) and "rare families'' (F ≥ 25%). It was determined by station. Shannon index values obtained were used to assess water quality. The Shannon index is subdivided into three classes of water quality: 2 ≤ H for clean water; 1 < H < 2 for moderately polluted water and H ≤ 1 for To determine the water quality of the different stations, the family biotic index developed by Hilsenhoff was used. It has been calculated as follows:
Shannon diversity index (H) =
in which F is the family number, n i is the number of individuals, t i is the tolerance value of the family i and N is the total number of individuals. The tolerance values of the macroinvertebrate families come from Hilsenhoff ( Table 2 ).
Statistics Analysis of Data
The obtained data was processed using Excel 2010 software and R3.4.4 software [19] . The taxonomic richness, the taxonomic abundance, the average values of the physico-chemical parameters were calculated per each station. Parametric and non-parametric tests (test t student and test of Kruskal-Wallis) were used to evaluate the variability of the taxonomic richness of the abundances and diversity indices at the 5% threshold with the R3.4.2 software [19] . Moreover, the factorial correspondence analysis (FCA) was used for grouping the stations according to the similarity association of macroinvertebrate families. In addition, a canonical correspondence analysis (CCA) was performed using PAST statistical package [20] .
Results
Relationship between Macroinvertebrates and Physico-Chemical Parameters
A canonical correspondence analysis (CCA) was performed to correlate physico-chemical parameters and macroinvertebrate densities ( Figure 1 ). The contained information in the variables is controlled at 63.48% by the system of axis 
Ecological Quality of the Affon River Waters
Spatial variation of the Shannon biodiversity index (H') Table 3 presents the values of the Shannon index and the water quality of the stations studied. Thus, the values of the Shannon index vary between 0.55 bit (Kolokondé 2 and Kpébouco 2) and 1.74 bits (Kpébouco 1). These results show that the water quality of the Affon River varied between polluted and moderately polluted ( Table 3 ). In addition, Shannon index values showed significant differences between stations (p = 0.001).
Spatial variation of Piélou and Simpson's equitability indices
The spatial variations of Piélou and Simpson's equitability indices are presented in Table 4 . The Piélou equitability index ranged from 0.18 (Kpekouco 2) to 0.63 (Tanéka 2). While, Simpson's index fluctuated between 0.20 (Kpekouco 2) and 0.73 (Kpekouco 1). Finally, these indices showed significant differences (p > 0.05) between the stations (Table 4 ). (FBI) calculated for the Affon River is 7.14. This high value of the family biotic index indicates that the water of this river is of poor quality and that it presents a very substantial organic pollution.
Spatial variation of the EPT and EPT/Chironomidae indices
Discussion
Ecological Quality of Affon River Waters
The calculated Shannon-Weaver index is less than 2 indicating that the waters of (2011) [23] in an anthropised watercourse in Cameroon and by Abahi (2018) [24] at the upper part of the Ouémé River. In addition, the strong obtained val- [26] at Nima stream in Ghana. The observed water degradation can be attributed to discharges into the stream of agricultural and domestic effluents that contain nutrients [26] [27].
Composition and Distribution of Macroinvertebrates
The study has identified in the Affon River 9755 macroinvertebrates divided into 49 families. The observed taxonomic abundance is very low compared with the one reported by Agblonon Houelome et al. (2017) [9] at the Alibori River (39,718 individuals). On the other hand, it is higher than that of the upper Ouémé River, where there were 3657 individuals of macroinvertebrates [11] . As for the taxonomic richness, it is identical to the one reported at the Niger River [28] and at the Agnéby River in Côte d'Ivoire [29] , while it is much higher than the one ob- [32] . Anthropogenic activities near ecosystems disturb benthic communities and contribute to reduced species richness and even species distribution [30] [33] . In addition, the correlations established between families and the physicochemical parameters show a strong positive correlation between Nemouridae and ammo-nium on the one hand and between Perlidae, Taeniopterygidae, Ephemeridae, Heptageniidae, isonychiidae, Elmidae and phosphate where there was a strong positive correlation. These correlations show the invulnerability of these families, which are mostly pollution-sensitive families, at the doses of phosphate and ammonium measured in this study.
Conclusion
The present study inventoried 9755 macroinvertebrate individuals belonging to four classes, fourteen orders and forty-nine families. Insects were the most dominant with 97.40% of the total richness. Taxonomic richness and abundance tend to follow an altitudinal gradient. The analysis of the indices reveals an undiversified population and the environmental stress that this river undergoes. The strong positive correlations observed between Nemouridae and ammonium on the one hand and between Perlidae, Taeniopterygidae, Ephemeridae, Heptageniidae, isonychiidae, Elmidae and phosphate show the invulnerability of these families, which are mostly pollution-sensitive families, at the doses of phosphate and ammonium measured in this study. Nevertheless, certain protection and recovery measures must be taken to preserve and improve the ecological status of the Affon River waters. It involves the implementation of a sustainable river management plan, the promotion of organic farming, the awareness of the population on the importance of water and its quality. In addition, a long-term investigation based on biomonitoring and a sustainable management program are recommended to conserve the biodiversity of this river.
